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The method is verified by means of four experiments 
executed using the CG formulation and an implicit-
explicit (IMEX) Runge-Kutta time integration scheme: 
1) Density current by Straka et al. (1993) 
2) Moist thermal bubble by Grabowski and Clark     
(1991, 1993) 
3) 3D Deep convection: supercell simulation  
    as in Marras, Mueller, Giraldo, 2014 
4) Temporal mixing layer (e.g., Lesieur et al., 1998) 
1) Density current 
2) Moist thermal bubble 
4) Temporal mixing layer 
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Ex: planetary scales: barotropic instability: Ferreira and Schubert (1997) The solution of the Euler equations by the spectral 
element method is prone to instabilities that must be 
damped in some way. We approach the problem of 
stabilization via an adaptive Large-Eddy-Simulation-like 
scheme meant to treat such instabilities by modeling the 
sub-grid scale features of the flow. This is a novel 
approach that is built on the recent work by Nazarov and 
Hoffman [1,2], who defined this scheme to capture 
turbulence in fully compressible flows resolved by 
adaptive finite elements. The novelty of our effort lies in its 
extension to high order spectral elements for low Mach 
number stratified flows. This work is a step toward the 
implementat ion of an LES model wi th in the 
Nonhydrostatic Unified Model of the Atmosphere (NUMA) 
[3,4]. The method and the results reported in this poster 
are detailed in  [5]. 
The Non-hydrostatic Unified Model of the Atmosphere, 
NUMA, was designed to solve the Euler and Navier-
Stokes equations by arbitrary high-order element-based 
Galerkin methods on massively parallel computers. It is a 
unified model with respect to the following criteria: (a) it is 
based on unified numerics in that element-based Galerkin 
methods allow the user to choose between continuous 
(spectral elements, CG) or discontinuous Galerkin (DG) 
methods and from a large spectrum of time integrators, 
(b) it is unified across scales in that it can solve the flow in 
limited-area mode (flow in a box) or  in global mode (flow 
on the sphere).  
Equations of moist dynamics: 
Dynamic sub-grid (LES) model: 
The regularization of the Euler equations is obtained by 
the physics-based stresses on the right hand side of the 
system above.  
-Uniform resolution: 7.4 m 
-Color shading of cloud 
water, qc. 
-Contours of total water 
content: qt = qv + qc + qr. 




























































3) 3D Deep convection 
Densities of water vapor (v), cloud water (c), rain (r) 
The net effect of the residual-based dissipation is close 
to none where the solution is sufficiently smooth, 
whereas it increases elsewhere, with a direct 
contribution to the stabilization of the otherwise 
oscillatory solution. 
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Vorticity in colors shading, velocity vector field. 
Resolution 
dx = 1e-2 m 
dz_max = 1e-2 m 
dz_min =  1e-3 m (in the proximity of z=0) 
References and further reading 
Ex: Tornadic supercell thunderstorm  
(Photo credit: Rex Features) 
NUMA simulation 
NUMA simulation 
•  All results are in good agreement with those obtained 
with known stabilization or LES schemes: artificial 
diffusion and Lilly-Smagorinsky  
•  The great advantage is that of being parameter-free 
•  Multi-scale: from 1e+3 m down to 1e-3 m 
•  Robust and versatile: application to very different flow 
dynamics. 
 
NUMA simulation: graphic rendering with Maya Autodesk 
The rendering does not modify the features of the 
simulation output data. To see how the rendering 
was done, please visit the page http://anmr.de/
cloudwithmaya/ 
